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INTRODUCTION {#sec1-1}
============

Stroke ischemia is a still a huge burden in Indonesia. The World Health Organization Country Health Profiles 2012 show that stroke is the number one causes of death in Indonesia with a prevalence of 21%.\[[@ref4]\] This situation has been the motivation for a large number of trials seeking to find new treatments for stroke ischemia. Over the past 20 years, the prevailing paradigm for the research on animals has been to use a suture occlusion method in the middle cerebral artery.\[[@ref8]\] This occlusion diminishes the cerebral blood flow to the area and results in infarction of the area. Withdrawing the suture after a given time resembles the ischemic reperfusion model as seen in humans.

However, applying this stroke ischemia model in rats is still difficult in Indonesia. Many Indonesian researchers lack experience in the surgical techniques required of this model and are reluctant or feel that they are unable to perform the procedure because it requires advanced equipment such as aneurysmal animal clips and a laboratory surgical microscope. This study aims to describe step by step the surgical techniques of luminal occlusion of the middle cerebral artery with some modification of temporary knots as a substitute for clips, and using a surgical loupe that is more affordable than a laboratory surgical microscope. The techniques described are considered to be highly suitable for implementation in Indonesia which has a serious shortage of advanced equipment in many areas. It is hoped that application of this technique using basic, affordable equipment will lead to an increase in the number of patients being successfully treated for stroke ischemia in developing countries, especially in Indonesia.

MATERIALS AND METHODS {#sec1-2}
=====================

Animals {#sec2-2_1}
-------

All surgical procedures were performed in accordance with institutional guidelines and conducted under 8 times surgical loupe magnification. A total of 30 male Wistar rats, aged 6 months, weighing 250--400 g, were taken from the Bandung Biofarma Pasteur and held in half-day dark and half day bright cages at a temperature of 22--24°C and with food and water *ad libitum*. The animals were not fasted before the surgery. The animals were anesthetized by 10 mg/kg i Ket-A-Xyl (Ketamine hydrochloride) 100 mg, xylazine (hydrochloride) 20 mg, atropine sulfate (monohydrate) 1 mg, excipients q.s. ad 1 mL) Perros, Ecuador given intraperitoneally. The animals were not intubated and blood gases were not monitored during the middle cerebral artery occlusion (MCAO). The Ethics Commission of the Faculty of Medicine University of Indonesia gave permission to perform the described experiments.

After a week adaptation period in the Animal Research Facility of the School of Medicine of University of Indonesia, the rats were operated on two neurosurgeons and two residents trained and experienced in MCAO techniques.

Suture preparation {#sec2-2_2}
------------------

Nylon 4.0 sutures were cut to a length 20 mm. One end of the suture was heated to form a smooth, spherical shape which was observed under a surgical loupe. The suture was sterilized with alcohol and stored in a heparin saline solution \[[Figure 1a](#F1){ref-type="fig"}\].

![Preparation (a) 20 mm nylon 4.0 length to be inserted to the lumen of internal carotid artery, (b) After dissection of subcutaneous tissue, bring the submandibular gland to the lateral. (c) After inserting the retractor, bring the submandibular gland to the lateral position, the dissection goes to the rostrolateral (black arrow). (d) Establish a triangle to form as a corridor to differentiating the right and left sides (DG=Digastric muscle, SH=Sternohyoid muscle). Using this corridor, the next dissection is made between the DG and SH (black dash line).](SNI-10-143-g001){#F1}

Surgical techniques {#sec2-2_3}
-------------------

We used a modification of surgical procedures originally described by Koizumi\[[@ref8]\] and Longa *et al*.\[[@ref9]\] However, due to the unavailability of animal surgical clips, we substituted double loop of a 4.0 silk suture for the clip. We did not coagulate the branches of external carotid artery (ECA) as is common in many techniques previously reported\[[@ref9]\] as we were trying to preserve every vessel with the aim of fast recovery?

Under the surgical loupe, a longitudinal cervical midline incision was made (approximately 2.0 cm) through subcutaneous tissue and platysma muscle \[[Figure 1b](#F1){ref-type="fig"}\]. This cut gives access to the submandibular gland. We cut this gland in the middle and moved it to the lateral part, using a retractor \[[Figure 1c](#F1){ref-type="fig"}\]. Going to the rostral, the noticeable first landmark is a triangle made by the aponeurosis of the right and left digastric muscles. This triangle acts as a landmark to differentiate the left and right sides \[[Figure 1d](#F1){ref-type="fig"}\].

The second landmark is the distal part of the digastric muscle and the sternohyoid muscle. We performed a dissection in between them. Here, the ECA and Communis Carotid Artery (CCA) are clearly apparent \[[Figure 2a](#F2){ref-type="fig"}\].

![Position of the double knot. (a) The first knot was made in communis carotid artery. (b) The ophthalmic artery is one of the branches of external carotid artery that goes to the lateral. (c) The vagal nerve was below the internal carotid artery. (d) The internal carotid artery was isolated and carefully separated from the lateral adjacent vagus nerve. The ansa hypoglossal was overlying pterygopalatine artery and internal carotid artery. The 4.0 silk suture was inserted between pterygopalatine artery and an internal carotid artery (blue arrow) is shown direction of suture inserted to make a knot around pterygopalatine artery.](SNI-10-143-g002){#F2}

Two double knot modifications {#sec2-2_4}
-----------------------------

The first knot was made in the CCA with a double loop. The knot will be removed after the occlusion. Two double loop knots were considered adequate to reduce the blood flow and consequently reduce the bleeding from the arteriotomy. The first branch of ECA, artery of thyroidea superior went to the medial and ophthalmic artery (OA) that went to the lateral \[[Figure 2b](#F2){ref-type="fig"}\].

Meticulous dissection of the perivascular structures (fascia, adventitia, and sympathetic plexus) was performed around ECA using the sharp curved forceps. The double loop 4.0 silk suture was applied to the ECA (second knot).

After securing the blood flow from the CCA and ECA, the next step is to make the third knot around the internal carotid artery (ICA).

A dissection was made to the lateral side to find the ICA that lies on top of the vagus nerve \[[Figure 2c](#F2){ref-type="fig"}\]. Great care was taken in this step to avoid excessive manipulation or lesion of the surrounding vagus nerve as an injury to the vagal nerve could cause an eating problem in rats.

Herein, we made the third double knot on the ICA that was closed to the bifurcation. Looking to the rostral, we see extracranial branch of ICA and the pterygopalatine artery (PPA) \[[Figure 2d](#F2){ref-type="fig"}\].

At this point, we found that it is necessary sometimes to pull upward the hyoid cartilage to note the bifurcation of ICA.

The important last step was to knot the PPA to ensure that the inserted thread was directed to distal ICA. We performed the new maneuver to make a permanent knot (fourth knot) around the PPA. First, we dissected the fat tissue below the bifurcation between PPA and ICA. Ansa hypoglossal could be seen overlying between PPA and ICA \[[Figure 2d](#F2){ref-type="fig"}\].

This step provided a clear bifurcation between the ICA and PPA. Here, we located the 4.0 silk suture from the medial part of ICA and came out in the gap between the ICA and PPA. One end of the suture was now in the lateral part of the ICA. After this step, we took the other end of the suture (that was still in the lateral part of the ICA) with the curve forceps from underneath the ICA. Moreover, now, the suture was in the lateral side of the PPA \[[Figure 3a](#F3){ref-type="fig"} and [b](#F3){ref-type="fig"}\]. Bringing the suture up, we could now tie the PPA. This maneuver was determined after several time attempts of trying to tie the PPA directly. This long manipulation around the trachea region was perceived to cause some pain to the rats. This was evidenced by either a sudden movement or sudden unusual sounds.

![Steps in making double knot. (a) Step to put a knot in pterygopalatine artery. (b) The pathway to knot pterygopalatine artery. (c) The permanent knot of the pterygopalatine artery. (d) Nylon suture was inserted from internal carotid artery. Pterygopalatine artery was shown with silk suture (has been tied) and external carotid artery has been looped by silk.](SNI-10-143-g003){#F3}

Pads were not put under the neck because we found that this caused hyperextension of the trachea which resulted in some rats dying during the procedure.

The final step was to insert the 4.0 silk suture into the ICA. Beforehand, we coagulated the proximal side of a 2 cm -- 4.0 nylon with diathermy forceps. After knotting the PPA, we then made a double knot of silk suture in the ICA. The arteriotomy was made with 1 cc syringe needle in between the two temporary knots of the ICA (with a double knot around ICA). The nylon was inserted 15--18 mm until mild resistance felt and left about 0.2--0.5 cm outside \[[Figure 3c](#F3){ref-type="fig"} and [d](#F3){ref-type="fig"}\]. The limitation of this study was no laser Doppler flowmetry to objectively measure the flow to ICA. This final step was completed by permanently tying the distal knot of the ICA to make sure that the nylon stayed in place. This simple technique produced less bleeding and shortened the operation time.

The finishing steps. We injected 5 cc normal saline, 1 cc paracetamol, and 1 cc ceftriaxone intraperitoneally. The knots of silk suture around the ECA, CCA, and ICA near bifurcation were released. Skin was sutured with 4.0 silk suture and the wound was given Kemicetine skin ointment.

The time of occlusion was recorded and set for 90 min. At 80 min, rats were neurologically tested and given intraperitoneally Ketamine 0.05 cc diluted with 0.2 cc normal saline. After the occlusion time was finished (90 min), the incision of the neck was opened and the 4.0 nylon was pulled out 10 mm. We observed the bleeding around the arteriotomy and when the operation site was clean from the bleed, the skin was closed with 4.0 silk suture.

The rats were returned to a warm cage. Every day rats were observed for any difficulties in eating and drinking. When any problems were observed, water was given by an orogastric tube.

RESULTS {#sec1-3}
=======

Learning experience and potential pitfalls {#sec2-3_1}
------------------------------------------

Because this is a new technique in Indonesia, we performed two preliminary experiments. In the first 30 Wistar male rats were operated, we were able to perform the procedures successfully on six rats, two were not successful, and 22 rats died (two intraoperative, five due to excessive anesthesia, and 15 due to subarachnoid hemorrhage (SAH). The second preliminary trials were conducted with 12 rats, of which two were not successful and 10 died due to SAH.

These trials did not use the techniques described in this paper. In these two preliminary trials, we coagulated all the branches of the ECA because it provided wide space for luminal 4.0 nylon insertion. We thought this coagulation of the branches of the ECA would require a longer recovery time. We also thought that the cause of SAH was the length of the suture (20 mm in length) that we inserted from the left ICA. It was revealed in the postmortem examination of these animals that the cause of death was probably the perforation of the ACA beyond the ostium of the left MCA during insertion of the monofilament.

For this reason in this study (*n* = 30), we inserted 15--18 mm of 4.0 silk suture into the left ICA. We lost only two rats (surgical success rate was 93% (*n* = 28), and mortality rate was 7%). One animal died due to SAH (complication of monofilament insertion) and the other due to excessive anesthesia. Twenty-eight rats survived at least 4 weeks. We noted that with no coagulation of external carotid branches made rats recover faster. They stood up and reached the ceiling of their cages in the next day.

All of the surgeries in this study were performed by trained neurosurgeons and residents with extensive microsurgical experience. Nevertheless, their relatively limited experience with rat extracranial vascular anatomy and intraluminal placement of the filament resulted initially in the high rate of perioperative mortality. The team also had little experience of anesthesia of small animals and one rat died because excessive anesthesia.

Effect of MCAO {#sec2-3_2}
--------------

The effects of MCAO were confirmed by the evidence of motor neurological deficit (Bederson test) as shown in [Table 1](#T1){ref-type="table"} and [Figure 4a](#F4){ref-type="fig"} and histopathological findings of infarction.

###### 

Bederson test.

![](SNI-10-143-t001)

![Behavior test and histopathology findings. (a) Spontaneous circling 1 h after occlusion (b and c) photomicrograph showing a necrotic lesion in the left striatum and cortex after 4 weeks middle cerebral artery occlusion. Black arrows indicate the necrotic lesion H and E. (d) Appearance of cortex necrosis at low magnification, identified by pallor within the zone of black arrows. There is loss of tissue and collapse of the cortical structure after 4 weeks in Wistar rat. (e) The atrophy of the cortex is accompanied by residual macrophages (arrow) and cavitated areas (×40 H and E).](SNI-10-143-g004){#F4}

Functional outcome {#sec2-3_3}
------------------

To evaluate neurological outcomes after induced ischemia, the Bederson assessments were performed before 1.5 h and 24 h after stroke. All assessments were performed independently by other members of the team's laboratory who had no information about this study.

Rats were evaluated and given deficit scores based on parameters including flexion, lateral push, or circling. The Bederson examination is scored on a scale from 0 to 3.

All the surviving animals showed clear neurological motor deficits within the first 1.5 h after MCAO (100% with score 3) \[[Figure 4a](#F4){ref-type="fig"}\]. During recovery period, all surviving rats showed still the same score (score 3) confirming the permanent damage following temporary brain ischemia.\[[@ref2]\]

Histopathology findings {#sec2-3_4}
-----------------------

The histopathological hematoxylin-eosin findings after 4 weeks post-MCAO showed that there was collapse of the cortex \[[Figure 4b](#F4){ref-type="fig"} and [c](#F4){ref-type="fig"}\]. There was clear border of the necrotic zone \[[Figure 4d](#F4){ref-type="fig"}\] and cavitated filled with residual macrophages \[[Figure 4e](#F4){ref-type="fig"}\]. The infarct zone was in the thalamus, adjacent neocortex, and amygdala. The infarct area after 4 weeks post-MCAO was calculated with Image J around 20--21%.

DISCUSSION {#sec1-4}
==========

MCAO techniques are acknowledged as standard procedures to produce infarction that resembles the situation in human. Considerable literature describes this technique along with several modifications.\[[@ref1],[@ref5],[@ref6],[@ref10]\] However, this technique is not well known in Indonesia. The reasons this technique is not widely practiced include that (i) Indonesia is still considered low volume for animal trials and (ii) the lack of surgical clips and/or surgical microscopes in the laboratory. This situation is similar in many developing countries.

This study aims to demonstrate that with minimal infrastructure, MCAO procedure could still be performed successfully. Surgical clips designed for rats are not available in Indonesia. The authors tried to undertake the procedure using human aneurismal clips, but the size was not suitable for rat's neck vessels. Laboratory surgical microscopes are not readily available in Indonesia. The authors used ×8 surgical loupe that is quite affordable compared with a surgical microscope. The microscope used to take photos in this study was a microscope in Neurosurgery Department of Cipto Mangunkusumo Hospital, Jakarta.

As a substitute for surgical clips, the authors used a double knot of 4.0 silk suture. The authors did not find any difficulties in constructing the double knot with the silk suture and there was the added advantage that this suture was not as easily loosened as a human aneurysmal clip. The authors implemented the double knot silk suture in three places (1) ECA, (2) CCA, and (3) ICA. This technique resulted in less bleeding and shortened duration of operation.

Another modification in this study is that there is no coagulation to the branches of ECAs which are OA and superior thyroidea artery. Many previous studies in literature suggest that coagulation of the OA should be undertaken to mobilize the ECA (when the silk suture inserted from the ECA). However, the authors did not experience any difficulties in making the loop around ECA without any branches coagulation.

The ligation of PPA is an important step that was included in this study. The authors found that it guaranteed the insertion of monofilament fiber directly into MCA. Sometimes performing the ligation in PPA was time consuming and tricky. Several authors in this field of literature also note the importance of making a ligation in PPA.\[[@ref6],[@ref7]\] Recognizing both the importance of this step and the difficulty in performing it, the authors developed simple modification of surgical technique to make a knot around PPA.

Ischemic stroke is a very heterogeneous disorder. Mimicking all aspects of human stroke in one animal model is not possible. Although ischemic stroke was shown clinically and histologically in this study, the volume of the infarcted tissue was not measured. If the volume of the infarcted area could be measured on histologic sections, the results might be more reliable. However, the main aim of this study was to describe MCAO techniques which could be used in Indonesia with minimal resources. Volume measurement of infarction was not planned.

We have described a simple successful technique for MCAO with no coagulation, no clips, and no surgical microscope. We showed that making double loop in CCA, ECA, and ICA was enough to prevent massive bleeding and shorten the duration of operation. Moreover, because there was little or no damage to tissue in the area where the ECA is branching, rats recovered more quickly and there were decreased mortality rates. Therefore, we recommend that this technique can be performed in developing countries such as Indonesia which may lack high-cost resources and laboratory equipment.

CONCLUSION {#sec1-5}
==========

The study demonstrated that without high standard equipment and tools, this technique can be performed and will yield similar results to those obtained with desired standard of (expensive) laboratory equipment. What is needed is adequate surgical training to gain a better picture of the anatomy of rat neck vessels and more understanding of rats anesthesia and handling of small animals.
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